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[ASH 

oi-g-tt °i* o i-§-tv #51*11 $ 

^ *fll o}*lii7l# i^rRr *)U H^^. ^1 

aV-g-l-sl 71* tfofl ^Al^cf. av 7 i ^ ^jfofl av^^I- 3L^Kr *fl 

-g-^ o_3.*L 71* ^Ml ^ o>d1^ 7 11- 5L^-*Kr ^*ll ^ ^51- 
£ 2c 
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^^-g: ol-g-^j- *8WS, ^ °1« °l-8-^r tK£*l) ?flsfl^B] ^ 

{Method of forming material using atomic layer deposition, and a method of 
forming a capacitor of a semiconductor device using the same} 

£ 2a ifl*l £ 2e^ £ if^ofl °l-§-^ ^°c^^ <^ 

5L 3^ ^l*fl ^ ^*r£* nfl, z}- ^JE^ Hf0 2 ^ 

£ 4^r « 0 >«Hl o)^ ^ ^ cH^^ewI* ^ f^t A cHl ZfZf 

*1*3J "fl, ^ ^#<HH ^51*1^ Hf0 2 ^ ^ v -§:-§- M-Hf^fl ZLeflH^lcf. 
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<8> a. ^ ^ yj-^ofl ^ 3jo Si iLcf ^^Tfl^ ^ 

^(atomic layer deposition; ALD)# °l-§-tr ^ ^ °]& °l-§-tr «KE*ll 

^ $14. ^7] v\)5.€\ 4. -ysfl tiKE*H ^^Hr ^ ^ofl i^s) 

<10> ^-71 H^liE^ Tfl^lB $.^2} ^o]7> ^-^oll n^gj., ^-7] 7\)°}^ ^<£^l ^ 

20A ol*}^ ufl-f ^ ^sH^t nE^, ^-71 7flo]H ^ 

^-i- M-B|^J1 ^Cf. njj^ofl, ^-71 TlHH ^^^o] ^o]u}j7 ( -fr^ol ^ 

<11> #7] 7 flsflAlEi7l- ^S}^ <3<*£) 7fl5flAl^> ; £ f-^ 

(readability)^: tsH^zL i£B ofle^soft error rate)-§: ^M?]^, ^1 

H ?fl^^l E Jit ^7>Al7l7l ^tr <^ 7>X] 71^1- ol 7fl^£]Jl 
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S^Kr ^^clM- ^4 ^ ^ ^MAlEi ^ %^Os\o\ 711 

BflAlEi^l -B-JL ^-g; 71^ «j-^ol ^^^Cf. ZIE^, 1 7l7>Wl^ Cfo] 

Ml qflig ^^1>, ^SeHDRAMHH^ ^1^*V ^IrS oflS.e| ^1* ^-^^ 71 7H ^ 
^■^T ^ *B*M€i# ^7l7> o^i}. olE^> ^^11- sfl^^l ^ -^-^ 

A o V ^(K)» #*3* *}-g-SH ^^AlE-l^ -ff^* ^ol ^-«V §] 

<13> -^13 O.^, ^. 7 ] H^H^l^E^ TllolB ^ 7flsflAlEl ^^£r Ta 2 0 5 , Y 2 0 3 , 

Hf0 2 , Zr0 2> Nb 2 0 5) BaTi0 3 SEfe SrTi0 3 S^3.>*1 ^*Rr U 0 V ^*°1 7fl1>5lzL 5U4. £ 
l£- °1^ ^ l-^lr^l ^ S3 <H1M*1 >ffl = ^# ZLEflHolcl-. 

<14> <£*Y^ _0 S> ^ ^ 7l ^2|. (CVD)) ^<g^ 7 ]<#^ 

(LPCVD), ^£}^n|-7 0 V5}. 5j-*}-7l^^(PECVD) ^ ^E]^ ^o] a^V wj-^s-^ A}~g-3H 
^^"€4. CVD^Hl #tfl3-£-5. ^ £:JE°lH Mj-^Sl ^zvol ol=o]^7l 

ofl-g-oll, #:E*ll ^m^l 13 j^-i- ^ ^ c^nf. lEfV, CVD l-^-^tb 

^1» 7>^H, ^ T^E^l- <y=Jl^l ^*>tf. 
<15> aV^ofl , ^*}# ^^(ALD)^r CVD ^iL^ ^ ^£^1^ ^ 5tU 

, ALD «o v ^Hl 21*11 ^£1tt ^ ^ ^3*1* ^Hfr4. ^fl^l , ^^l" 

?1#* «*Hr 7l^S^i ^oVslJi 014. 
<i 6 > ^e«ll^ #7) 7fl 311 a] Ei -fr^iLS.^, ^7} 25^ 513. ^JL, ^ 1 ^ 

41:# ^^-(Ta 2 0 5 )ol ^sl ^1-§-s1ji ^-Sl4, Ta 2 0 5 -& <^m^l wfl-EL^ 

°1 #°-i=L3., 7flBflAlElo] -^^nVo.^ A >-g-^>^^- 7J o. ^s 7> nfl o_ 3. o] 
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^tf. ttj-BM, S- l°fl M-Bf^ w>4 20 ol^-ol^A^, oflvi*l Tjfl2=^ol 

<17> ^-71 Hf0 2 ^* ^*Kr °^ <$P\ ^16,348,386^ % 6,420,279^^1 

7^\^}S]o] 91^. ^7l « 0 >^oll ^*1H^ ^ Ol^^Htill- ^ ^Hl <£ 

Jit!: i^7^^e1^1» 5fe Hf0 2 ^* ^^*>7l7> o^-g: ^JAS. 
<is> 2L*>, £ ^7>^ ^ ^a>o]c %^s^ -tf;5Ml» *V-§-*H ^ 

<*S^-£ ^*Hr ^-i: t^^^i, 2002\1 7€ 18<£*}S. o]&& 

^l** M W WS. ^ °1» ^T^l ^2flA]Ei ^<2J 

»33|o.S. cll*>^[^- ^ *fl 2002-42217 JlS. ^ ^l^olcf. 

<19> ^^^1 ^ #^o]l 71^^ Hj-^ofl <^<5}^, <H^*|S H 1* £if 

<2i> £ ^ 2 -s.^ ^-71 ^ ^-g- *>-8-«H ^1 £ i-B-^#^- 
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^ ^ ^] 

<22> #7l tb iH^l -S- ^^r, (a) 

^>uj-^ o}ul^7l# i^-SHr afll ^>-§-l-# #^-°11 5L°^Hr #7fl ; (b) #7} Al 

ti>-§-l-^ ^Jf^ #7l 7l«- #°ll $m f-^M^fe #7fl; (c) #7l 7}^t^\ #^1 

Til 3. 0)^-0] 7.}^ t\\2 5. 0 ^Kr #7fl; ^ (d) #7l ^€ *U y J:-g-l-3}- 

#7] ^2 ^-§-^1^ #7l 7l^r ^Hl ^7}^ *g^sHr #7111- ^P-«1 

< 24 > £ ^- 7 ^ ^ U s.^, (a) ifl^l 71^-g- ^X|7lfe #7fl; 

(b) #7l ifl^-ofl Hf4 o}v}h^7}7} ^1 ^-§-#-8: S^Kr #7fl ; ( c ) #7l 

Till 31 <^£"l: #7l 71^ #ofl 5}^ ^2VAl7l^ #7fl; (d) W ^ 

Till #7l ?]}7lf>}±r #7ll; ( e ) #7l tfl-M #3i}-7llS 

7fl2 Si^Kr #7fl; (f) #71 ^^HS Tfll «V-g-#3l- #71 7112 5> 

^^O.S tiV-g-Al^ #71 7lt #oll ^7}# ^Sl #5>^ ^Tjl; ^ (g) 

W #-§-*V*l ^ 7112 #71 ^7l*m ^Tlll- ^U^Hr ^7># ^ 



^■i- °1 -§-%!: W ^ «o v lHl ^fl ^ $14. 



<25> #7ltb 7112 -=-3* iH^}7l ^*>^ -g- ^ ^ , ( a ) #51*11 7m#<Hl 

Till *i^-§- #7)1; (b) #71 Tin ^ #ofl oi^ Tin ^4 ^ 

<H£ sl-M-Sl ofnl^7l# i^Hfr *U #-g"§-* #71 Till 7i^°l #Jfofl £<a^ #7fl; 
(c) #71 Till <^£-g- #7l Tfll ?i^-#oll $m ^X]?)±r #711; (d) #7l 
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m #sMlS o]^o]^\ ti>-g-l-* Sl^Rr ^1; (e) #7l ^ 

€ *Hl #71 ^2 W^^-S ^-§-^1^ #71 71^; #ofl ^^M- $# 

^-741; * (f) #71 ^<a^#ofl 7112 ^*Rr #3l« i^Rr ^sfl^l^^ 

<26> Hf^ oj.Dlic.7l7> *fll *}-§-# ^ #3Ml5. °l^f-<H*l 7112 WV-g-l-^- ol^-*V ^ 

^ ?]*\^}7\ -f^>JI ( JL^^ 5Hr ^-g- SXA . 

o}?.]% aVnKg. tiV^^j ^flsflAlE-] TlMH ^*Rr 

<27> ol^>, ^«-*!r t25}a] ^- #*fl*| ii^W-. 

<28> £ 2a tfl^l £ 2e^r £r 1^1 ^ S3 ^ 

^1* ^^l ^£t«14. 
<29> S. 2a» ^2^3, ^7-1, ^sl# ^H^s-}- ^ 7l^r(l)# ^ 100 ^] 500°C5. -R- 

*13^r ^°fl ^^l^m 4^-, #71 ^*H« ^ 0.4torr£l ^ #^flS. -?>^4. <^7l 

^i, #7l tt^^r ^ 150 xfl^l 350 ?H «>^^*>4. ^5^, = ^-(Ar )°1 4 

€dt(N 2 )4 ?fl^°l 7}if Aj-g-^H °1^ el^7ls. 

Ai o>Dl^7ll- Tfll ^-g-S-g- 50 tfl^l 5,000sccmSl ^(^£^11 7l 

# J j Lc >llHl 12. vfl^l 3^ ^-91 £^A1^14. ol7lAl ( ^-71 -fr^fr 500 xfl^l 

l,500sccm<y ?A°] w>^^>4. 
<30> Aj- 7l *fli#-§-§:(2)Sl <^1SLA^ MXn* # ^ $X^. <^7H , #7l M^r 

^ ^7l^rS^lAi 2^, 3A^(€^r 311* 5L^W), 4A^, 5A^, 3B^, 4B^, 5B^£l 
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£^HJ-cK ^71 m d\]3,*\$r Sr, Ba, Y, La, Ti , Zr, Hf, V, Nb, Ta, Al , Ge, 
Pb, As, Bi ^ * ^ °lt^ #-^-3- ^>-§-*m «V^*I*K!:, 20]^ ^ 

*M a>-8-^- ^£ ^cf. nelJL, Xn£r -NR1R2* M-E^tf. Rl ^ R2 

^r±. Q?} 1-42] ^ 3l74« if-SRr SL^^K ^ °^7}S] d\]3, 

Dfl^7l, ofl^7l, n-£S|, iso-HS€, n~¥-fL iscHf^, tert-^ § ^ 

oJ4. oH, a o v 71 R1 ^ R2 zj-z}-^ ^<a*}7ii4 ^s. Aj-o]^ ^ ^jr, n £ 2-55] 3*Mfr 

<31> ttl-EH, -*7l »ll«>^-#(2)^ -8-71 ^1 §>H^(Hf)4 ^ ^ 

# 5^ SfrJE^ "n^r ^-^HM °fl3>|fe TEMAH(tetrakis - ethyl - methyle - amino - 
Halfnium, Hf [NC2H 5 CH 3 ]4) , TDEAHCtetrakis - diethyl - amino - Halfnium, 
Hf [N(C 2 H 5 ) 2 ] 4 ), TDEAH(tetrakis - dimethyl - amino - Halfnium, Hf [N(CH 3 ) 2 ] 4 ) . 
Hf[N(C 3 H 7 ) 2 ]4. Hf [N(C 4 H 9 ) 2 ]4 f"* * *t 9X^. ^ 5&*r 1: 

<M~§-^ «r $14. A oM *Hl*>-§-l:(2)£l ^S.a^ >a-7l *fll^4i3Ai <g^v]^ 

(A 1)4 ^ ^-g- i^Rr (CH 3 ) 2 AlNH 2 -°r * 
<32> £ ^AH]oflA^ ^ ^^e^^V -f^Vji, ui-fr^-ir-g- Hf0 2 *VH^-) 

<33> £ 2b# o}Z]% m ^-§-#(2)^1 #7} *fll #-§-#(2)^ 

m 71^(1)^011 ^-fr}- ^VSH Aj.7) 71^(1)21 ^Vofl ^(4)^ 

4. °H, Aj-7l *fii a>-g-l-(2)21 *fl2 W°fl #3 i^liLiM, ^"71 *fll 

#(2)ol s\-n §K4)°ll ^^Tll ^€4. °1°H, ^>s^-(Ar), ^ 
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i(N 2 ) ^4 lr#^ 7>^# ol-g-*>^ 44 ^ 3J)^a1^14. #4 5*1*1 ^ 4^ 44 

1- ^44tt 1 ifl^l 202. ^^l^, 1-4±*1 4^444- 44 4311- 

°1 4*3£l^r ^-4, 44 ^444 ^ 41 4-^#°l 47l 44^°-5L*l, 4 

7l 714(1) ^Hlfe £444 ^ 4i 4-§-l-^ 44 ^44 #(4)ol 4^4. 

£ 2c# 42:4^, #7l 4^1 a>^ 1# i^}^ ^]2 4-§-§-(6)* 

51^44. #7] 42 4-§-^ 4 500sccm2l 2 44 52: ^4 51^444. ^ 

4, #7l 44 ^44 41 4-§"§-(2)4 #7l ^|2 4-§-#(6)°l 443 o.s. 4-§-4<^ 
71^(1)31 £4 4^1 Hf0 2 44^(8)# ^444. ^, 7)^r(l) 444 41 4-§-#(2)S] 
Hf(4Hw)4 42 4-g-#(6)4 44i7> ^V-g-^H 44^ 443 Hf0 2 44°l ^1444. 4 
7} 42 4-§"§-(6)£r 44i(0) 4^*M: ^4 <T SU^ €444 44*11 2^r ^444* 

3L4*Kr 444* 3E4^4. ^tJi\, ^7] %^44 444^r €4^4 ^7H 
^4 -2-^(0 3 ), €4^4 0 2 , #4^4 0 2 £^ #4^4 N 2 0 ^4 44 °1 

4. -2.^ *4M* 4-§-4^ 4^ 7>^1: ^4<*l 0 3 * ^44, 0 2 7>^f^ 4^7} 
0 3 5- 44^H ^7>^7> 4444- h"44 -2.^ 7>i^ 4i 7^4 0 3 7}iS. o]s.c>| 

44, 0 3 7|-i^ 5 ^1 15%^ 7} i444. 314, 47l ^447l« i44^r 4 

443.4^ H 2 0 SL^ H 2 0 2 ^-§: 1" ^ 44. 

5L 2d 4*1 51 2e» 4^44 , 4"7l 4^, 4^ ^3 1:#4 7>^# 4-§- 

4 CE ) 4 42: -§^4 sl4 ^ 4^ 44*1^.2-^*1, 44 4-§-44 ^ 42 4 
*»\j\s.»-B] 4t]44. 44 44 ^ 4^ 44* 4^1 4fe *14£r l 44 202 ^-4°1 
n, 1-42,4 ^34 44344. ^4 4-g-, 41 4-§-#3 51 <y 4 
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^ilS. ^^JlS.*), Qf>\$r *M|* Hf0 2 ^(8a)# 

<36> ^-71 #311-* #^SRf ^-91, 400°C°l*h H}^2|S}7ll^r ^ 150 xfl 

*1 350 -fM^H}. 44*1, ^"71 Hf0 2 "fl Sl-Jf^s] 13 2|i 

^S^l" #^*1H 3^8r ^71^ ^Cf. ^71^0] i-c^ ^ ^ 7^0.5. ^7fl 

^ £*K=7} 3* ^^I^P-S, #7l Hf ^ ^lWll- ^ <^1 # 

^ls. A>-g-*>^ ^-f^l^ ^ ^#5^ ^ 4^ °^°} &°V*H # 

S^5}-# A>-g-§>^ ^Jofl al^fl tS^5^^7> -T^*V ^^tg- «^ &31 

tt4. h*K Hf0 2 *M *Mltb ^1* *)H^: *r 

<37> 5L 3^ ^- ^ * a- ^7>^ ^ #^ofl 7 }^Q ^(^r ^A>Ojc 

Hf0 2 ^ ^^^14. 
<38> nsflH^l^i , ^ ^ #3" )» ^ 4°lt^ # 

^-s)^ ^ 3p.*fl(oi^, ^^.A/cycle)!- M-^-^. 
<39> ^*j|aj o.s, #^31^ TEMAH1- 2^<# JE^l-JI, 3J]7l 7>iS Ar-§- 42^<# 2. 

«a«VS4. 4t&t*QlS. 0 3 » 4^91 S.<QlfeL, 3)t>1 7}iS Ar* 4^<£ JE^*} 

534. °1 Si ^ zj- ^^S. &Ht2\°.S. ^-S: °1 M ^*Hfr* ^ 

*>^4. 
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<40> #^ofl 7l7fl^ *<}-«H 31 ^-r-°fl^ ^t 2 -^^ tBH(3lB.e|- 

Hf(0tBu) 4 )-§: ^>-§-^, ^-§-*>^^. 
<4i> £. 3^- ^-2:^, « 0 >«H £]Sfl Hf0 2 ^* ^^V^, 200 vfl^l 300 1^*! 

tt&>] 7^ ALD ^ ^4. ^4", 300 °C o1-*MMtt £5^1 

Sl- ^aj-^o] O.S. ^7>^>fe CVD ^ M-Ef^Cf. ZLSlJL, 200 1C« 7l 

SIS t& T^o. ^a^g. of lA/cycle (5^3 10#S) ^41, ^ # 

^ofl 7l7fl^ «<HH1 <^sfl Hf0 2 4* ^^*>^, ALD ^ ^H3* iL°l^r 250lCifl^ 350 °C 
£5. U$H>M ^ v -§r°l °* 0.25A/cycle ^5L°14. ^S-f E| , #^J1S A>-g- 

^f- U-'SH 4*fl A o v 7l Hf0 2 ^# €■ °> 

n^l* ^ A>-g-«H Hf0 2 ^# ^7} ^ oj-3. A> ol = 7m ^ 

4? ^H^lS.^ A>-g-^ Hf0 2 ^ $^«Hr «1*H ^ #£7> nfl -f ffll-H^ 

53 # ^ SE^b, 300°C*]^ ^ £-3E4M ^ ^-g- Hf0 2 4* *8 

^ sa^-a- ^ 5£4. 

<42> ZLelJl, ^"71 ^JE S^i^r 300 °C ©1 S}<*1 %<>] «>^*| *M ^ , -S*l|3.fe 300 °C <>1# 

3) ^7}^ ^o] Jf.^ Hf<V2Mr ^ 5A4. & 

^^r ^ ^q-. nfsM, #7l 4J*1*M 100 xfl*l 500°C^1 3 
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<43> ^ ^4, #71 TEMAH* 4-§-*M ALD ^^.S. A^ ^ 

#«H=- ^-f , 13:1 °1#S] ^ <H^B*ll- ^ ^2:1-^1^ ^ 80% <>1#^ ^ 

< 44 > £ 4^ #71 «o v ^°fl ^ ^ <H^H«1# ^tt ^Hl AA ^ 

A n, A ^Sl^H Hf0 2 ^ #^b§-§: 44 \H ^S^l 

4. 

<45> AV 7 j zLeflH^l^, ^ ^ ^a]- £51(TC)* 44^, ^4 *V *M#^ ^ 

aj-S]^ d|o] ^^(ol^, ^A^,K/cyc\e)% 44^4. 
<46> ^^1^ O.S., *fll #-§-1-3.^ TEMAH1- 22l%-°± 5.<£ f:\JL, 7fiS Ar# 42^^ 

5i<y45$4. °H4, ^12 0 3 « 4^<LV S^^Jl, *\A 7fiS Ar* 42^*1 

5L<y4534. Si^S. A -^SL^S- «V4^o.S ^A o) 3f*\] t t\ 

A2) ^#^lAi -#7} 4 ^* 15] ^r s 3*>5S# 4°1#) ^43 

^ ^41:* ^4^4. 

<47> £. 41- 4^4*3, #71 o^^iilEyll- £fe ^Hl 4<>1 ^44 ^41:£r 4 

-g- xl-o] 7 > 7i4 ^^*>q-.(5L^ Jf Jl, 3242) ^, ^^^Hwll- A^ 

^51# 4* <8#^: ^ 5U^§-* ^ &4. HLth 200 ifl4 300°C^ ^£ el*} 

°114 A^^^A A^r ^ <H^HWll- A^ ^Sz^ #°fl 4* ^4^ ^ ^4#£r 
A 0.7 A/cycled A^ ^CE^ 324^), ^ #°fl 4* #4^ <4|£] ^4^r£ 

A 1 A/cycle* 4^4. (5L^ Jfjr, 3042) #7l ^4, sfllHl ^4-§r°l A±Att 

al^rS 14^0^:^ sfl^ S.^-i:(pattern loading rate)^: A 30%7> £4. 
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<48> f>}7)o] S. 1-Br £ U"^ ^ * 71^^ «<HH o) gfl 

*1 ^rS^S Hf0 2 ^ ^vflrf. 

<49> [& 1] 



*3 






£3* 


Hf(0tbu) 4 +0 3> (300 °C) 


y=0.25x 


y=0.125x 


50% 


TEMAH(IOOIC) + 0 3 , (250'C) 


y=1.01x 


y=0.75x 


26% 


TEMAHUOOt) + 0 3 , (200 V) 


y=0.98x 


y=0.633x 


35% 



S 1^" %^*>^, A]^ #^ofl 7l7fl^ ^^Ai^ ^i^lS tBH(3lH 

5} -^Aj Hf(0tbu) 4 )^ &Qz\]sL 0 3 * ^>-g-*l-^4. tBH« ^i^^S 

^}-g-^ ^^1^ ^ 350°C^1 ALD^ *H3* ilolJELS, ^ ^ 300°C5L 

^, ^ofl o]*j| Aj^ Aj-ofl $^5^ Hf0 2 ^ 

^##^r 7l7fl^ w 0 >^ofl cqsfl ^ 3 i=. Hf0 2 ^ #*h§r°ll «1 

^7>o] A}^ aj-^ofl Ujfjfl ^ Al^-O] 4tifl f-S^cK 2L^, ^<H1 ^«fl ^# 

#3 Aj^^di Hf0 2 ^ ^sflo^ y^ofl ^£]tt Hf0 2 ^ f^v 

^ofl al^fl ^ 6 «flolcf. =lz\IL3., ^7} Aj-ofl Hf0 2 ^* ^*Rr ^-f , 
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£ 5a £ 5ei=r ^aHH ^ ^yJ-^-j- ^t^^ 7 ) 

£ 5a# t£s}^ , ^S^l 71^(100)^) i*} ^-g- ^3J*M ^b) 

J± <S<* *1 ^gj= ^^(102)* ^*Vcf. o^Ai, aJ-71 7m(100)^Hl TllolH ^<£^ 
(104), TflolB ^(110) ^ ^^/^Ellol ^^(H6a, 116b)-i: B^}^^ 
^tH}. 1 7l7>ulB ol^ av £ ^ ^HH^ ^ 20A°H£) *fl^- ^ 7flolE 
^-(104)^1 -S-^^cl-. ZL&m, ^-71 TflolH ££^(104)^ ^f-^1 TflolH ¥^ 

#71 TflolH ^<£^(104)£r ALD °l-§-^H ^<2^°] ¥M 

^, £ 2a vfl^l £ 2e<^l £^1^}- w>^- £oj ? o>d1^71S. ofl^ 

^ 0 3 , ^sMl-I- A>.g-*}- ALD ^ ^.3. Hf0 2 5. ol^Tl TllolB -B-^i^-(104)* 
t}. ^-71 ^l-H^-4 <>M^7lS. <s«^ ^SL^ TEMAH(tetrakis - ethyl - methyl e 

- amino - Halfnium, Hf [NC 2 H 5 CH 3 ] 4 ) , TDEAH(tetrakis - diethyl - amino - Halfnium, 
Hf[N(C 2 H5) 2 ]4), TDEAH(tetrakis - dimethyl - amino - Halfnium, Hf [N(CH 3 ) 2 ] 4 )^g- 

3z&, ^71 ^Mlfe ^sMl^i, #Hf^> ^^7H1 °\n SL^ 

(0 3 ), #^^> 0 2 , 2]£S #^^> 0 2 , SL^ l-e^*} n 2 01- i^^cf. -#7] ^ 

sMl^ T A J^7lt ^SMIS.*!, h 2 0 IE^r H 2 0 2 # £#$-t}. uj-e^^j^ 

TEMAHSf o 3 * ol-g-tb ALD Hf0 2 TlHH -fr^^(104)^- 
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<56> #71 7)1 olH 3l^(110)£- #5^el-s#(106)4 

Si ^ Si ^#(106)2)- ^i^l(W)4 ^-^o) *§#^ ^5. &t}. #71 

TfloiB ^^(110)^1 #«-^ ^ #*H^r zj-z}-, ^el^ Mt°m ^sl^ ^^-#5. o]s 

ol^l ^Jg ^^^-(112) ^ ^ ^<>H(114)7> ^^^Cf. 
<57> £ 5b» ^2^, #71 H^l^^ol ^ # £ 71^(100)^1 #^1 4VSJ-#S °l^f- 

<H*1 m ^<£#(118)# ^^W. A>^l#zl- ^o_S #71 ^1 ^<g^(H8)^- -^4^H 
^-71 ±.$L^ ^<*>(116a)^ H €-^*(120)* ^ o]o]*\, # 7 1 

3-^^(120) ^ afll ^^#(118) ^Hl ^1 °J(P)AS #sl^eis. 

f^tb ^, ^1 ^^#(118)^1 3.^77}*} #71 afll ofl^«fl J£^r 

7^1^ <3*KCMP) ^8 O.S *fl7l*H #7l 3.^^(120)^1 ^-^1 ^ # Si Zl( 122)1- 

<58> £ 5cl- <#7l ^ #&Izl(122) ^ afll *|<2#(118) ^Hl ^14 

(123)* #7l #z| « 0 V^l#(123)^r ^-71 *lll ^^#(118)^-^1 *]e]til7V 

fe^r ^, 1-^ ^sl^- ^^(SixNy)^ ^sis #^2}-#(SiON)^ ^tb^. 

<59> #7l « 0 Vxl#(l23) ^Ml *V3*#3. ol^ol^l ^12 ^<^#(124)* *§^tb ^, # 

71 ^12 ^^#(124)* #71 ^ l-SiZL(122)» ii#*Hr 7fl^-(126)« ^ 

^13 #7l »12 ^<3#(124)# *jz}- «oM^( 123)^1 nfl^l #z}-*}- 4 

-§-, ^7i *}zj- *j-xi## #zj-*h ^ #si 11(122) ^ ^11 ^<d^di8)2i qjjh** ^ 

#*Hr 7fl^(126)# ^W^. #71 7 fi^-(126)^ ^ 7^ 7 > #51^- ±^9] ^ 
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7i^7i# 7}*]#*\ ^^^4. ^4 «fl ^ jl*hi z)n n^- 

^-(126)^ <a^ofl tijtfl ^Jf o] -^^(etch rateH #^£}7l nfl^-ojc]-. 
<60> ^7) 7fl^-^-(126)^ ^ ^ ^-71 312 ^<?1#(124)^ ^ofl 3l2 

£^#(127)^- #7] A}2 51*l#(127)£r 5^§€ ^ #5131 

^lMRu), €^Bl^(Pt), <33#(Ir) ^ =4? 3^ TiN, TaN, WN ^ £^ #4* 

<6i> £ 5d« #7] 312 51*i#(127) ^ 711^(126) ^Hl si ^^(£^1^1 & 

^-)^- ^, ^71 7B^(126)Sl ^4 T^oflnV ^2 £^(127)<3 ^51^- #7j 

Sl^#£l A o^t ofl^iafl^-d-. ZL^ig, ^-71 *j|2 ^^#(124)^1 X^l 312 
£^i^(127)ol 3171 £lol 4>7l 7fl^-f (126) vfl-^ 4^ 312 

(127H ^el^cf. #7l SHf-§: ^ ^zj- 3l7l^V<3 

zj-z]-^ ^ o^ofl ^nflAlE-l^ t}^- ^^-(128)^: ^th*. #7] f>}^- ^(128)^ 5L*\ 
^ a>2f z>o] ^ Jl 7-1 JRf ^ QQtf ^Efls. ^^sl^l, ej= 10000 -17000 A ^1 

<62> ^-71 f>}^ #^-(128) ^Hl, £ 2a i-fl*l -£ 2e<3l z>oj f ^H. 

o>n|i L 7lS. ^€ ^31 41.2. ^Sf, ^>S>311- A>-g-*V ALD ^^^S Hf0 2 S. ol^-<3 
^1 7fl5flAlE^| -^-^^-(104)^ ^^*>i=l-. ^-31^^-S., TEMAH^ 0 3 » ^>-g-^]r ALD 
Hf0 2 l- 7fl2flAlEi^ ^-^^-(130)^- ^*Vtf. ^-cl TEMAHSf 0 3 1- a> 

-§-tb ALD Hf0 2 l- ^^--5-5*1, 13:1 o^o] o]^^w)^ ^ 

^-(128) >*MH ^ ^l(tl)^ ^^Kt2)^l Hl7> 1:0.8 °1#2] ^tH^&I 
*1# ^ •a-^i^-(130)* ^ HfO 
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2 ^r -B-^ ^ 20 vfl^l 25 ^HS nfl^ofl , o.^ ^7} ^ 

"f-ns. -fr^-fr ?flsiM£H til*fl ^ -g-^-g: ?M ^ 

<63> ^7} -^-^^-(130)^ «V^" Hf0 2 ^ ^rS. 9X31, ^-7} 

*1 o]#4\ =4? ^°Vol jiitfls. ^-jg ^£ Sa^f. <*H* , ALD 

^ ^^^11- «>^7>^a^ Al 2 0 3 /Hf0 2 ^ ^% ^l^-^^l -8-^^(130)* ^ 

<64> o.s. ( TMA 0 3 ^sMl-I- ^-g-^H 35A ^?H« 

Al 2 0 3 lr ^ TMA tfl^H TEMAH ^>-§-*>^- ^* 

^^Utt ^ ££^0,^ ^-71 A1 2 0 3 ^Hl 35A ^tt Hf0 2 ^ ^ 

sv^tq-. n}-eM, Al 2 0 3 /Hf0 2 ^ 3^ i2S -B-€^(130)^- ^ 91^ 

°}^. atb, ^<*IM*r Al 2 0 3 /Hf0 2 £] ^ ^ o>^^ Al 2 0 3 /Hf0 2 /Al 2 0 3 /Hf0 2 

B\ ol^^l o.^^-( 13 0)£ ^TQr ^ ojcf. ZL^JL, Al 2 0 3 /Hf0 2 ^ ^ 

S ^ °We} Hf0 2 /Al 2 0 3 ^ 3# °l-¥-<H*l -fr^(130):E t £14. 

<65> *\7]*\, ^7} *1^-(128H #^^^so. S tg^o}*. ^ofl^, ^ 
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3 l^sl ^ *H ^^"(128)^ ^5^^ aV^7> *>-§-^ ^ ^d^-(128)# ^ 

SH7l7fl £t}. a^i, ^-7] -^-^^-(130)^ ^a^> 71 ^ofl, ^ 7>i» if-tb 
°1H #^ <M ^sKrapid thermal nitridation; RTP) ^AS. <#7] ^^-(128)^ 
K^ft ^3M^ 0.3.*] -^-^^(130)3}- S}Jf ^^-(128)^] «V-§-^ ^1^4. 

<&7] £3M 3l*A SiN iE^r SiON^ -8-71 Hf0 2 ^ ?H^a1b]s1 -fr^ 

^°.S.*\ *)-g-th=h ttj-^i, ^-71 -f}-^^ ^Sj-^-/Al 2 0 3 /Hf02^ 3# ^2 SE^ 

<66> 5. 5e» #2:^, #7] ft^o] oi^- ^ 7l*-g- I^SH #7l ft 

^ 7}^^d .2.€KUV-0 3 ), #2+^^ Og, #h^> 0 2 , ^ SE^r ^ £^7l 

<67> #7] ft^(130) ^1 7fl2|lAlEi^ ^(132)^- ^>^- 

*H-(128), -8-^(130) £ ^ ^(132) AS «a]eKC)-I- #7] 

&^(132)ft #2^5} ^ te^l ^l^(Ru), #^^(p t ), ^5l#(Ir) 

^ §-4? TiN, TaN, WN ^ ^^-#5. ^ w)-^5|*Ml^, A oM 

^ ^^-(132)^ TiN^f f-e)-^^) 3^ fiS ^^*Vcf. 
<68> £ 6 ^ M. <y -^Al^ofl ic).e. ALD H o V ^°fl *fl2: -fr^* 

a 1e ^ ^ = M-Bf^ zisflH^cf. ^-71 ZLeflH^l^i, ^ ^ ^(V)ft M- 

Ej-iflul ^ ^ ^r-M £*(A/<ffl)* ^vflrf. 
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^l(Ph)AS. ^s^e^cls o]^^] ^>h. S ig ^ oj-g-^v rtp 

°H^, A1 2 0 3 ^M- ^ 35AS. ^-71 A1 2 0 3 ^ <H Hf0 2 

^■fr 2f 10A^ ^*fls -fr^i^i ^^W. ^-71 Hf0 2 ^ TEMAH^- 0 3 # °l-g- 

«H m00~300°C^ £r-E<>lH S]*f| ^*}53^. ^7} Hf0 2 ^ °1 ^ 

°\)^, 750°C^ £-^7H^ 2s?i ^71 ^^-a- 1*1 B] ^cf. ^-7] ^^g- 

°J ^^tt ^-7} ^} (equivalent oxide thickness, E0T)7]- 20 ^ 

*1 30A^- 

A oM ^7> §^5. ^-^n|^- ^HsH 7fl5flA)E-H- 

A 1, -fr^* ^ ¥ 7fl^ 7fl3flAlE^7l- 7>^ ^-f ^-7] 

ofl ^Hl^§>Jl ( -B-^i^] Wl^^r>7l nfl^-o]^. 

^^M, ^7] -B-^^ #71 f-7> #3*-^ ^]7> ^-^S. 0-^0) ^ ^ o) 
*1 £ 6^ ZLEflH^H ^"71 -fj-#^ #7] ^-7]- ^21-^ ^ 7} 29.7A°lT}. ^71 

°1 3^(1, ^"71 Hf0 2 ^- #°fl TiCl 4 £J- NH 3 ii 7^1-^; ol-g-^o^ TiN 

£ 6<HH <^ ^ ol^ ^-O], M. ^V^o| yj-^oj] cq^ 7fluHAlE^ iv^l 

^tHH lfA/ifl °)*}*] ^ ^ i^Ef^^cf. rcj-El-^, ^tgo} ^A]ojlofl cq 
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nefi^H, ^ ^ ^-^^-^ -7|. xj.3j.tq-3 ^7)i(A)# M-eHU ^ 
#-fKA/ii)» q-Ej-vfit]-. 0J7H, ^-71 ?H^a]b1^ -fj-#q-£. A1 2 0 3 / Hf0 2 ^ 

^ A ^>^l=f. =LZ\5L, <$7) n^*)^} 1.2VSH 7>^# aflo} 

4. 

£ 7-8: ^"2:^, 7flsjlAlE^ -fi-^S] -^7> a>^.^ ^7)1 7 > 24 vfl*l 30 A 

°^ ¥^ ha/^ ois>s. ^Tii ^sisa^. 4^1, ^7i £)«n 

^ol M^ofl S]^, HfSj- <^H^7l» i^Kr #2M1» 
tf^tb «>#^lt3: *2*H» ^^^^^1^ n^- 7l# 

£-°>3 ^^WS *>7l^ ^ ig$H 7l7fl^ ^- A ^ ul <go=| 

°1« ^ 3M4. 
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1] 

(a) *fll ^>M-^ o>n)^.7l# S^Hr *fll 

(b) #7l X)l #-§-#3 ^Jf^r-i: #7l 71* #<*fl £J.*j- *a}-Al7l^ #711; 

(c) #7l 71*3 #^1 #sMlS ol^^i^ ^ 2 *-g-£~g. cf^. ^ 

(d) #71 3J.A?- ^11 aV-g-#4 #71 *f|2 *-§-#-§- ^.S *-g-Al^ #71 
71* #ofl ^7>^ ^*Rr *^1« ^l^Kr ^j-g- f^O^ ^ °1 

2] 

*fll*<H &<H*1, #71 *Hia]-g-«-£r MXn°J ^iS *Kr ^7>§^ o] 

-g-^ #^ ^#u-^. 

M£- afll*:*:^ Q± ^7]&&<*\}*) 2*r, 3A^(** Tll^-a- 4A 
^, 5A^, 3B^, 4B^ ( 5B^2] ^-^o]ji ( # 7 ] Xn-g- -NR1R2°1jl, #7l Rl, R2 *\ 

S. ^°^}7]^ AiS. #ol^ ^ oljl, ^ S£^ 7^^711- M-Bl-lfljl, n^r 2~5^ 

13^8- 3] 

*I12*<H 5^1, #71 ol^ x|i *^i=. S r, Ba, Y, La, Ti , Zr, Hf, V, 

Nb, Ta, Al, Ge, Pb, As, BiS. ^Sjif- ZL-f-o.S. -id^sl^r *}i4<y ^ 
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4] 

[^T 1 * 5] 

^14%H $X°]*}, ^H^-t-l-^r TEMAH(tetrakis - ethyl - methyle - amino - 

Halfnium, Hf [NC 2 H5CH 3 ]4) , TDEAHCtetrakis - diethyl - amino - Halfnium, 
Hf[N(C 2 H 5 )2]4). TDEAHCtetrakis - dimethyl - amino - Halfnium, Hf [N(CH 3 ) 2 ] 4 ) , 
Hf[N(C 3 H 7 ) 2 ]4. Hf[N(C 4 H 9 ) 2 ] 4 S T^^lfe n^SLS.^] ^s\^ 

[$^* 6] 

91°!*], ^7] ^2 H 2 0 2) H 2 0, 0 3 , #5r^^V 0 2 , el£H ^ej-s 

0 2 , ^ #sf^> N 2 0^ <>^ *fM-°J 3^ ^3- 

7] 

*U%M] # 7 l ( c ) #31 *H, W ^ *U <£-§-#^- ^"71 ^iH 
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8] 

*HHM 5U<H^I , #7l (d) ^Tfl ^ofl, 2)-^ ^--§-^1 #7l ^a«i 

[^T 1 * 9] 

^H^oHl 91°]*], #7l T&Tft (a)-(d)* q°]5. «>4*>fe 53* 
10] 

*fll#°ti #71 (a) #7]}^] (d) #31^ 100 ~ 500 M*] ^*8*Hr 5l* 
11] 

^1%H1 SU^H, #71 (a) ifl^l (d)^Tfl^ ^tHTJflofl^ 51 -a- ^^-S ^ ^ 

^ °l-§-^ 1-^ «<HL 
12] 

^1^1 #71 7)# #<H1 3l*H§^ *K£*ll 7fl 3fl ^ 3} ^^"Sl 53 

* !^$°-S. *]-%-& #^ ll^ y cHL 
13] 

^u%hi sa^i, #7i 7m #<^i ^*}#£t «L£*ii #^1^1 Tii -a-^^-y 
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14] 

(b) ^"71 %V] tfl-fofl HfSf o}v}±7)7\ S.yt# H^SRr #31; 

(c) #7l *Hl <&-§-#3 #7) 7l^r ^Hl W #31; 

(d) *fll tij^-l-^ #7) 3.^-1] aflTlSHr #31; 

(e) #7} 33 Hi ifl^ofl av^-^s ol^-o]^ ^2 5^*Kr #31; 

(f) #71 s}-^- Jif #7] A2 #-g-#^- 3j-*M O.S. <£-g-Al^ a o v 7 ] 
^ofl #^3] ^ <L>^"^# ^*Rr #31; £ 

(g) ^ #-§-*}*l ^ *H2 #-§-#^ ^71 ^5.^ ^SHr #31* ^«l*Rr 

15] 

aflH^M Sa°H, ^"71 *Hl«H-§-^: TEMAHCtetrakis - ethyl - methyle - amino - 
Halfnium, Hf [NC 2 H 5 CH 3 ] 4 ) , TDEAH(tetrakis - diethyl - amino - Halfnium, 
Hf[N(C 2 H5) 2 ]4). TDEAH(tetrakis - dimethyl - amino - Halfnium, Hf [N(CH 3 ) 2 ] 4 ) , 
Hf[N(C 3 H7) 2 ]4, Hf[N(C 4 H 9 ) 2 ] 4 S. =L^o_^B\ 

16] 

^114%H1 #71 *fl2 H 2 0 2> H 2 0, 0 3 , €^^> 0 2 , BlS-H 
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17] 

*fll4*^l W<\, #7] #31 (b)-(g)« ^ ^r^Hr 7 A4r mtSLS. is\±r 

18] 

*fll4%Ml 9X°]*\, #7] (a)~(g) #3W*1 ^-71 £5L^ 100~500°CS -fM 

19] 

(a) <£:£*fl 7l^Hl *fll ^*Kr ^1; 

(b) ^"71 *fll ^ ^Hl *|<£ ol^Hr *fl i ^o]£ s>i4^ o>nl^7l 
1- ^11 A oM *fll ^ofl £<^^ cj^l; 

(c) ^"71 a«l «V-§-#<3] ^-g:* -^-71 »H 3^ ^^]7)^ #31 ; 

(d) ^"71 *fll #^«] ^*\] #S±z\]S. ol^^l A2 #-g-#^g- £°^Rr #31; 

(e) #7l 5}-*)- ^aj-S *fll #-§-#3}- ^7} A]2 #-§-*l?l #71 
7l# -f^^ ^ ^ sf^ #31; ^ 

(f) #71 -fi-^^HH *fl2 ^*Rr #31* iE^Hr ^-ir ^8 sf^ n 

I^t 1 * 20] 

^19*^1 9X°]*\, #7l *)U#-g-l-£- TEMAH(tetrakis - ethyl - methyle - amino - 
Halfnium, Hf [NC2H 5 CH 3 ]4) , TDEAH(tetrakis - diethyl - amino - Halfnium, 
Hf[N(C 2 H 5 ) 2 ]4), TDEAHCtetrakis - dimethyl - amino - Halfnium, Hf [N(CH 3 ) 2 ] 4 ) , 
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Hf[N(C 3 H 7 ) 2 ]4. Hf[N(C 4 H 9 ) 2 ] 4^ ^ £ 1 ^f-o.5.^-Ei *}i»3^r *\o]5L <Hi^ Sfrq-ol 

21] 

*f| 19^*1) 5U°H, #7] ^12 «V-§-#^r H 2 0 2 , H 2 0, 0 3 , O2, ^2.^ 

O2, ^ €^ D > N 2 0°-3. ol^oj^l ^-o\)*\ ^bMs} s>uj-o] ^.g. s^o S ^ 

22] 
23] 

13^* 24] 

*fll9^Hl &*H, #7] (b) ^Tll^-Ei (e) #31^ 100-500X^1 =r*8*Rr 3# ^f- 
25] 

^119^1 floH, ^-71 ^11 S^fe ^-g- Jf-^jlS. 



38-28 



1020020048720 #^ 2003/4/16 

26] 

i*a^ 27] 

28] 
29] 

*fll9*Hl ^"71 *fll £^ °1 ^1, >8"7l X| 1 ^<3] #JjL6f| ^-7] 
*U a Jr-§-#^ ^}-g-*V ^7>^ ^4=- v\ ^ 

t 7fl 2fl Al El ^ 1^ . 

l^^-Q 30] 

^29%H1 fl^, Aj-71 ^ #s|-^ A1 2 0 3 ^ 3* ^^.S 711 

2flAlE^ ^Ajyj-ia^ 
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